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STUDIES IN LIFE-HISTORLIES OF AUSTRALIAN DIPTERA
BRACHYCERA.

PART I. STRATIOMYIIDAE.

No. 3. On the strueture ot the mouth-parts and pharynx of the larval
Metoponia rubiceps.

By VEra IRwIN-SwmiTH, B.Se, F.L.S., Linnean Macleay Fellow of the
Soelety in Zoology.

(Plate xxxii., and twenty-six Text-figures.)

No satisfactory deseription exists of the month-parts of any larval Stratio-
myiidae other than a few aquatie species. Vaney (1902) and Jusbaschjanz
(1910) have done some work on the genera Stratiomyia and Odontomyia; and
Becker has taken the genus Stratiomyia as the type of the family Stratiomipidae
in his general acconnt of the month-parts of Dipterous larvae (1910). But
many of the features present in this genus, such as the great development of
tufts of hairs on the jaws, must be regarded as highly specialised adaptations
to the aquatie mode ot life, and a more typieal form must be looked tor in the
soil-inhabiting species. Very few attempts have been made to study these in
detail. Tragardh’s deseription of Pachygaster minutissima (1914) contains a
brief account of the head and mouth-parts, with several figures, whicl, un-
fortunately, are not very clear. e points out the diffienlly of geiting a good
idea of these structnres, and of their homology with those of other fly larvae.
Indeed, most Dipterologists, from Brauer onwards, who have studied the larval
forms, mention the great technical obstacles in the way of their elueidation.
The parts are all very minute, and are composed of sueh dense chitin that the
clearing, sectioning, or dissection of them seldom gives good results. The
knowledge of the mouth-parts of the whole group of Diptera Braehycera is,
for this reason, very meagre. Brauer, forty years ago, made an excellent com-
parative study (1883) of the material then at his disposal, and Becker has
sinee contribnted (1910) some additionat information on the same subjeet, fromn
the study of a few more representatives of the different groups. But he, too,
draws attention to the paueity of the data on which to make generalisations and
to interpret the nature of the separate month appendages. Therefore, until
the larvae of all the families of DBrachycera have bheen studied in greater nnm-
bers of speecies, and in greater detail, I do not think it possible to add any-
thing of value in this econnection; and, for this reason, I have not attempted,
in the following deseription, to compare the various structures with those
described in other Stratiomyid larvae, and in the larvae of any other of the
Brachyeera.
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The Stratiomyiidae belong to that group ot fly larvae charaeterised by
having parallel jaws, working upwards, or ontwards, and downwards, as dis-
tingnished from those with opposing, horizoutally moving mandibles. The adap-
tation accords with theit method ot obtaining nourishment by suction, instead
of by biting and chewing: and the larval Metoponia rubriceps, which hves on
the juices in the roots of grasses, shows this feature very well. A brief des-
cription of the moutb-parts is contained in the first paper of this series (Irwin-
Smith, 1920). The present paper gives the results of more detailled morpholo-
gical Investigations.

Mouth-parts.

Bounding the upper side ot the oral aperture is a smooth, cylindrical, peg-
like process, the median process (m.p.). 1t 1s not movable, and is really the
terminal apex of the shield-shaped selerite which covers the greater part of the
dorsal surtaee of the liead (Text-fig. 2). At the base of the median proeess
the lateral edges of the sclerite hend inward and downward into the interior
of the head, forming a sort ot internal skeleton, and enclosing a cavity which
eontinues up into tiie median proeess (Text-fig. 3). The process appears to
be a composite structure, formned by the fusion ot a median and two side pieces.
On the ventral side, where the fusion is ineomplete, two longitudinal slit-like
apertures eommunieate with the hollow interior ot the proeess. Laterad of these
are two downwardly directed knob-like projections. On the dorsal surface,
the anterior extremity of cach side pieee ix marked by a ridge, and immediately
in front of this is inserted a tine lair (Text-fig. 1). A shmilar, but somewhat
larger hair is sitnated further back, in a deep civeular depression.  The median
process measures about 0.03 mm, aeross the tip, and 0.14 mm. trom tip to base
on ventral side. The whole selerite, inclnding the median process, and the in-
ternal ridges, is composed of very dense, dark brown chitin, and ean be dis-

Text-figures 1-6.
1. Dorsal view of anterior end of head. (x120). 2. External view of dorsal sclerite. (x 32).
3. Tnternal view of the same, with one lateral plate still attached. (x 66). 4. Ventral
view of nmouth parts. (x 120). 5. Mouth jaws. (x 166). 6. Portion of cuticular wall
just below ventral processes showing glandular apertures (). (x 320).
7, jaw; 2.p., lateral plate; me. p., median process.

seeted away from the remaining parts of the head in a single piece (Text-fig. 2).
Posteriorly, it is conneeted up with the sides of the head by a stout, nem-
branous enticle, having an armour of hexagonal plates somewhat similar to these
on the body (Text-fie. 3). Further np, it is firmly fused with the dense chitin
whieh forms the lateral “bosses” and extends forward in the' shape of two
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sharply-pointed lateral plates (L.p.). These plates, although firmly united with
the median process, in sueh a way as to allow of no separate movement, can be
broken away from it fairly readily, when the parts are dissected ouf. From
their hard, strong apices they cxtend downward in a deep curve, to unite in
the ventral median line in a structure of much softer composition, which forns
the ventral boundary of the oral aperture. Its edge is fringed with several rows
ol soft processes (Text-fig. 4).

Immediately below these processes. there is, in the cuticle, a gronp of
what appear, to be the openings of ducts. A pair of these is situated close to
the eentre line, with two more on each side a little turther. back (Text-fie. 6).

The lateral plates are hollowed out to form sheaths, or sockets, tor the
two movable month jaws (Text-figs. 5, 9). These jaws, althongh very minute,
less than a tenth of a milhimetre tong, have a very complicated and interesting
struetave.  In form they are somewhai eonical, having a broad oval base (Text-
fie. 10) and a pointed apex. The apex consists of a singte, relatively lavge
(0.026 mm. long) tooth of dense chitin, whieh rests on, and artienlates with
the chitinous internal tramework which strengthens the back part of the jaw
(Text-fie. 11). This framework serves, also, as thie point of attachment for the
nmusecles which move the tooth. With the exeception of these chitin struetures,
and another chitin mass at the hase, the entire jaw is composed of several
distinetly marked off areas of elear, eolourless ecomposition.

Below the tooth is a soft, rounded, cushion-like swelling, having on its
outer face two snall, oval patehes, whicli appear to be of the natire of sensory
papillac. A deep groove separates this swelline from a plate which bears on

Text-figures 7-13.
7. Inner edges of the two jaws. (x 280). 8. Denticles of jaw. (x 320). 9. Side view of
entire jaw. (x 280). 10. 'Fransverse section throngh lower part of jaws. (x 280).
11. Apical tooth of jaw, showing attachments of muscles which move it. (x 200).
12. Oral termination of pharynx, showing the pillars which support the jaws. (x 120).
13. Attachments of muscles which move the whole jaw. (x 120).

it~ onter face from five to seven fransverse rows of minnte denticles (Text-figs.
7. 8. 9). The denticle plate extends to thal part of the jaw which is nearest
to the opposite jaw, but does not continue round its inner face: so that the
denticles of the two jaws are hardly opposable.  On the back of the jaw,
where it moves in the socket of the lateral plate. the cuticle is raired into a
series of serrated ridges (Text-fig. 9).
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The whole jaw is supported by its base on a central chitinous peg, which
acts as a pivot on which the jaw can move with a roeking movement. The
muscles whieh move it are shown in Text-fig. 13. They extend back through
the head for some distance, to be inserted posteriorly in the head wall. Average
measurements for the jaw are 0.088 mm. from apex to base, and 0.085 mm. in
Jdiameter from front to baek.

The pivots on whiclh the jaws work form part of the chitinons wall sur-
rounding the anterior end of the pharynx. The orval aperture is situated just
at the base of the iedian process, where the latter opens out into the internal
eavity of the head (Plate xxxiii., fig. la) and here the strongly ehitinised rim
of the pharynx grows up on each side, in the form of a stout, eurved. pointed
pillar (Text-fic. 12) {0 support the jaw. Lying frec between these, in the
oral opening. are two very small blocks of ehitin. The opening is quite con-
cealed by the overlying jaws and proeesses, and is only revealed by ecareful
dissection.

I his deseription ol the mouth parts of Stratiomyid larvae which
he had examined, Deeker makes the statement that there i1s no median mouth
opening, and that neurishment is taken in through the lateral slits in the walls

Text-figures 14-17.
Drawn from cast skins of first ecdysis.

14. Front view of head, showing terminal mouth, and jaws. (x 320). 15. General view
of head, from antero-dorsal aspect. (x 190). 16. Anterior part of head, dorsal view.
(x 320). 17. Internal view of same, showing pharynx. (x 320).

d.r., dorsal ridge ; d.s., dorsal sclerite; sz., mouth; sp., spiracle.

ol the median process whieh, he suggests, has been formed by the ecoaleseenee
ol upper and lower lips. That this is not the case with the larva of JMetoponia
rubriceps 1s very clearly shown by an examination of cast larval skins, found
with the empty egg ecases and newly hatehed larvac. These skins have been
described in the second paper of this series (lrwin-Smith, 1921). The east of
the head relains the original shape and position of all the parts, and is very
mteresting as showing an earlier stage of development than is seen in the
latehed Jarva itself.  In the east skiu the wmouth opening is quite terminal in
position, and is bonnded only by the two stout jaws (Text-figs. 14-17). Of the
lateral e¢htin plates, which afterwards ensheath them, there is here no trace.
The dorsal sclerite is alrcady well developed and clearly marked off by a
lhickened rim (d.s.). In the middle of the selerite there is a longitudinal ridge
(d.r.) which {erminates towards the anterior end in a short, pointed outgrowth.
This is evidently the rudiment of the median process. A eareful examination of
the position of the hairs surronnding it seems to show that the median process
of' the fully-developed larva is formed from it, by the overgrowth of this portion
of the selerile and a pushing forward of the proeess on to the part of the
selerite Iving in tront of it, and its fusion with the side walls. The skins being
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very minute, the exact structure of the parts can only be made out with
difficulty, nnder high magnifications; and for a full working out of the details
of development, a complete series of the embryonic stages would be required.
Unfortunately, I have been able to hateh out only oune bateh of eggs, and of
- these, have only the last stage, immediately hefore hatebing, for examination.
At hatehing, the mouth parts of the larva differ very slightly from those of the
older larvae. Some dozen or more skins were obtained, elosely tangled up with
the empty egg mass; and all show exaetly the same stage of development.

In the casts, the terminal portion of the pharynx is already surrounded by
a thickened ontgrowth of ehitin, but from this point the pharynx runs baek
throngh the head as a simple struetnre of uniform width (Text-fig. 17). None
of the skins contain any frace of an internal chitinous skeleton, or indieation
of the presence of the masticatory apparatus, which is sueh a prominent and
characteristic feature of the larva.

The Pharynr. (Plate xxxiil, figs. 1-5, and Text-ficures 18-26.)

Vaney, Becker, and Jusbaschjanz have described this apparatus (ealled by
them the “Schlundkopi™) as it appears mn the aquatie larvae which they
examined; and Jusbaschjanz has studied it by means of trausverse seetions, and
has given some figures ol it. It is a highly complicated and beautifully adjusted
piece of mechanism, and requires a good deal more study than has been given
to it. The figures and deseriptions already published are not very clear, but
in Metoponia rubriceps the apparatns seems to differ somewhat, in form and
structnre, from those previously deseribed.  Satisfactory sections through this
part of the larva are difficult to obtain. The chitin composing it is so dense
and brittle as to defy all attempts to soften it snfliciently for the microtome,
and the parts beecome shattered in the cutting. Dissections show the relation-
ships of the various parts very well, but the study of transverse sections has
necessitated much careful reeonstruetion, after detailed examination of long
sertes of torn fragments.

As 1n all Stratiomyid larvae, the dorsal selerite of the head is eontinued
back through the first thoracie segment as an internal skeleton in the form
of a dorsally convex areb, the dorsal head plate (d.p.). It extends to the
middle of the second segment, and is firmly held in position by means of power-
ful muscles attached to the body wall, which are shown in Text-fiz. 20 and FPlate
xxxitt., fig. 1. Ifs ventral surface serves as the point of attachment for the dilator
" muscles of the pharynx (d.m.).

The pbarynx (ph.) lies in the space hetween its lateral margins, and ter-
minates postertorly abont the middle of the first segment, in the complieated
masticatory apparatus already referred to. From this, the slender, thin-walled
oesophagus passes straight back. below the dorsal plate, to open into the
proventriculus at the level of the third thoracic segment (Plate xxxiil., fig. 5).

In transverse sections, stained with baematoxylin  and eosin, the dorsal
head plate is seen to eonsist of several layers of chitin (Text-fig. 18). In entting,
1t frequently splits apart, along the middle line, into an upper and lower por-
tion, of equal width, each part graduating from a pinkish eolowr on the inside
to a dark yellowish brown on the outside; and in eontact with the latter laver
all round. dorsallv and ventrally, is a layer of hypodermis. The lateral edges
are rounded and thickened, with an additional laver of hrown echitin along the
upper snrface (Text-fig. 19).

Antertorly, the walls of the dorsal sclerite close in on the pharynx, but, =0
far as T ecan make ont, there is no econnection with it sueb as Jusbaschjanz
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describes in the larvae of Stratiomyia and Odontomyia. The pharynx secms to
lie free in the head cavity throughout its length. It is bow-shaped in transverse
section, the string of the bow representing the dorsal wall (Text-fic. 21). Its
ventral wall consists of a deeply arched piece of chitin, in two layers, the inner

Text-figures 18-26.
Transverse sections, showing the structure of dorsal head plate and pharynx.
18, Dorsal head plate. (x 66). 19. Lateral margin of head plate (x 160). 20. T.S.
through lst thoracie segment in region of spiracles. (x 32). 21. Pharynx, in region of
head. (x 120). 22, Pharynx, further back. (x 120). 23q. Dorsal wall of pharynx. *
(x 130). 236. Median ridge of same. (x 200). 23c. Portion of wall. (x 320).
24.26, Pharynx in region of ‘“ wing-bearer.”” (x 160).
d.m., dilator musecles of pharynx; d.p., dorsal head plate; ZAyp., hypodermis;
ph., pharynx; z.zc., ventral wall of pharynx.

pink, the onter yvellowish-brown. Its lateral rims are strongly thickened and
knob-like, and bounding it externally is a thick layer of hypodermis, consisting
of a single row of cells.

The dorsal wall s of quite different composition, consisting of a substance
whieh appears to be of a tough. elastic nature, and stains a deep blackish
brown. If. also, iz bounded externally by hypodermis. Along its median line
are inserted the twelve or fourteen pairs of dilator museles, which streteh be-
tween it and the dorsal wall (d.m.). By their contraction. these museles evidently
enlarge the cavity of the pharvnx, and eause it to act as a powerful suecking
apparatus.
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The effeet is augmented by the action of the peculiar meehanism at the
posterior end of the pharyux. This is a greatly thickened «¢hitin structure,
wedge-shaped in veniral view, with broad base at the posterior end (Plate xxxiii.,
figs. 3, 4). It takes the place of the dorsal pharyngeal wall, and projects, by
its downwardly eurved under surface, into the spaee enclosed hy the creseentie
ventral pharyngeal wall. It is attached to the ventral wall on each side by a
tougl, dark-staining membrane, which appears to be similar in composition to
the dorsal wall Ingher up. Dorsally it projeets upwards and outwards in the
form of two hroad, stunt, wing-like proeesses. Two powertul museles, attached
to each wing, extend backwards to be inserted in the posterior margin ot the
dorsal head plate (Plate xxxmi., figs. 1, 2). By the contraction of these
museles the upper part of the “wing-hearer” would be pulled ontward and
downward. while its base would work against the faee of the ventral wall (Plate
xxxiiL, fig. 4). Apparently the reverse wmovement i effected hy the elastieity
of the lgaments comiecting it with the pharynx anteriorly and laterally. I
cannot detect the presence of' antagonistic imuscles, although such museles are
cescribed by both Vaney and Jusbasehjanz. But, as the *Sehlundkopt,” or
masticatory apparatus, examined by them was globular in torm, it will be seen
that the details of its strueture and relationships must neeessarily he somewhat
different. 1 have not been able to find anything to correspond with the lateral
chitin plates whieh Jushaschjanz deseribes as projeeting up from the hasal plate
of the wing-hearer, and connecting dorsally with the forked median plate which
bears the wings. However, as t have experieneed great dilficulty in cutting this
apparatus and have not been able to get a eomplete series ot sections, 1 cannot
speak with certainty of its strueture throughout its entire length, or of the
exact way in whiel it eonnects with the dorsal pharyngeal wall anteriorly. The
figures of transverse sections given lere represent caretul reconstructions of
those parts which I have been able to study in detail

In the region of the pharynx immediately anterior to the “wing-bearer,”
the dorsal wall has the appearance shown in Text-figures 22, 23. Tlhere is here
a short median process, to which the pairs of dilator museles are attached, and
which differs but little in eomposition from the rest of the dorsal wall.

Text-figures 24 to 26 represent transverse seetions through different parts
of the wing-hearer itself. The first tapers from thie broad base to a point dor-
sally: the next shows a broadening and slight forking ot the dorsal portion,
the third the expansion into the two ‘“wings.)” To the angles of the base are
attached the ligaments wlieh conneet it with the ventral wall, here seen torn
away from their connections in the sectioning. A broad layer of hypodermis
eovers the dorsal surface of the whole strueture, and is continued along the
connecting ligaments. The “wing-bearer” consists of an outer layer of chitin,
staining dense hrown, merging towards the interior into a elear pink, whieh
encloses a central core of mmel lighter anid apparently softer eomposition. It
seems to be made up of a loose fihrous material, whieh is so transparent that, in
surface view, the wing-hearer has the appearance of being hollowed out in the
middle. But in transverse seetions it is seen that this core hroadens out into
a base which is deeply eonvex.

In all the sections which T have examined, this hase and the ventral plate
present firm, smooth surfaces to eaeh other. but in the posterior part of the
apparatus there is a roughened appearance, suggesting denticles or other tooth-
like structures, on a mnch denser foundation, wlieh T did not sneceed in see-
tioning.

The wing-bearer measures 0.33 mm. in length, with a breadth of 0.30 mm.
to the tip of the wing.
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EXPLANATION OF PLATE XXXIII.

Sucking apparatus of larva of .V efoponia rubriceps.
Fig. 1. Dorsal view of head and 1st thoracic segment, showing systems of mnuscles con-
trolling dorsal head plate and pharynx. (x 48).
Fig. 1a. Oral termination of pharynx. (x 190).

Fig. 2. Lateral view of dorsal head plate and muscles of pharynx. (x 48).

Fig. 3. Ventral view of posterior end of pharynx, showing wing-bearer. (x 100).

Fig. 4. Lateral view of same. (x 100).

Fig. 5. Anterior half of larva, giving a general view of the anterior portion of the

alimentary system. (x 15).
¢., chitin support for jaw; ., dorsal muscles of head plate; d.m., dilator muscles of
pharynx; d.p., dorsal head plate, e., edge of interual skeleton of dorsal sclerite;
oe., oesophagus; pu., proventriculus; z., ventral muscles of head plate; 2., muscles
of wing-bearer; w.b., wing-hearer; z.z., ventral wall of pharynx.



